ABSTRACT Past research provides evidence for trajectories of health and wellness among individuals following disasters that follow specific pathways of resilience, resistance, recovery, or continued dysfunction. These individual responses are influenced by event type and pre-event capacities. This study was designed to utilize the trajectories of health model to determine if it translates to population health. We identified terrorist attacks that could potentially impact population health rather than only selected individuals within the areas of the attacks. We chose to examine a time series of population birth outcomes before and after the terrorist events of the New York City (NYC) World Trade Center (WTC) attacks of 2001 and the Madrid, Spain train bombings of 2004 to determine if the events affected maternal-child health of those cities and, if so, for how long. For percentages of low birth weight (LBW) and preterm births, we found no significant effects from the WTC attacks in NYC and transient but significant effects on rates of LBW and preterm births following the bombings in Madrid. We did find a significant positive and sustained effect on infant mortality rate in NYC following the WTC attacks but no similar effect in Madrid. There were no effects on any of the indicator variables in the comparison regions of New York state and the remainder of Spain. Thus, population maternal-health in New York and Madrid showed unique adverse effects after the terrorist attacks in those cities. Short-term effects on LBW and preterm birth rates in Madrid and long-term effects on infant mortality rates in NYC were found when quarterly data were analyzed from 1990 through 2008/2009. These findings raise questions about chronic changes in the population's quality of life following catastrophic terrorist attacks. Public health should be monitored and interventions designed to address chronic stress, environmental, and socioeconomic threats beyond the acute aftermath of events.
INTRODUCTION
The question of whether terrorism affects the well-being of entire populations is an intriguing one that has important implications for public health policy and practice. It is well established that individuals who are directly injured by disasters are at risk for a variety of adverse health and mental health outcomes 1, 2 . Questions remain about the extent to which such effects occur at the population level and whether they can be detected by monitoring standard public health indicators. Population-level effects reflect a combination of the disaster's direct effects on primary victims who were severely exposed and its indirect effects on secondary victims in the community at large. Even if they sustain no personal injuries or concrete losses, other members of the stricken community experience economic, environmental, governmental, social, and cultural disruptions ranging from mild to severe 3 . Primary and secondary victims alike experience multiple inconveniences and declines in opportunities for recreation and leisure. Both are affected by any ensuing environmental toxins, loss of shared or public spaces, community conflicts about appropriate responses, quality of leadership, and reallocations of public resources from one domain (e.g., health) to another (security). Unlike the initial impacts of the event, these collectively experienced stressors are not necessarily obvious or acute; they may emerge and evolve over time, complicating our ability to detect and understand the onset and duration of population-level effects.
The potential of disasters to have indirect effects on health is particularly salient in the context of terrorism [4] [5] [6] [7] [8] [9] . Galea and Resnick 7 provided a thoughtful discussion of why psychopathology may emerge in the general population in the case of terrorism. In New York after the September 11th attacks, the prevalence of posttraumatic stress disorder was lower among persons exposed only indirectly, but because they composed a large proportion of the population, there were almost as many indirect cases as direct cases. Throughout the New York metropolitan area, people felt terror, helplessness, or horror (criteria for trauma) even if they were not directly affected (by bereavement, job loss, etc.) by the September 11th attacks.
Although the direction of causality remains unclear and controversial, the ubiquity of media images following terrorist attacks further complicates the definition of exposure. Marshall and colleagues 10 proposed that media exposure does not typically result in psychological distress because the viewer does not perceive a personal threat. However, in the case of terrorism, it is quite plausible that the viewer does. Marshall et al. 10 furthermore argued that the objective, observable experience of an event is less important for defining risk than is the subjective, psychological experience of what that event implies for the future, as evidenced in perceptions of threat.
Thus, in the aftermath of terrorism, it is especially critical to monitor the well-being of the entire community or area that was harmed and/or threatened by the attack. Population surveys have been, and will continue to be, our best source of data regarding disaster-related incidence and prevalence of disorders. Like any single method, however, surveys have limitations. Flaws in representativeness, absence of predisaster measures, limited numbers of postdisaster assessments, and sample sizes too small to capture rare but important conditions are common, although not universal, shortcomings 11 . Analysis of routinely collected public health morbidity and mortality data provides an alternative, complementary approach. Typically, public health data are based on the whole rather than a sample and are available for many years both before and after events. The feasibility of obtaining and analyzing vital statistics for insights into population effects was established in past studies of divorce rates 12, 13 , fertility 14 , and suicide rates 15 associated with disasters and terrorist attacks. Although population health encompasses a range of conditions, we were especially interested in examining the impact of terrorist attacks on maternal-child health, specifically birth outcomes. Two tracks of research influenced this choice. First, past disaster research suggests that women and children are at elevated risk for adverse health outcomes in the aftermath of disasters 2 . Second, several cohort studies of pregnant women [16] [17] [18] [19] have indicated that stress during pregnancy is associated with preterm and low birth weight (LBW) deliveries through established biological pathways 20 . To date, these studies have mostly emphasized the role of perceived stress and chronic stressors, such as poverty, crowding, interpersonal violence, and work-related stress, but some research has also considered the influence of severe personal life events 21, 22 and even terrorism. On the basis of their review, Ohlsson and Shah 23 concluded that the World Trade Center (WTC) disaster increased the risk of LBW and small-for-gestational-age births in New York. We anticipated that the effects of terrorist attacks on LBW and preterm delivery would emerge fairly soon in response to the acute stressfulness of the post-attack environment. That is, these outcomes can be influenced by short-term changes that occur over the 9-month period of a pregnancy and thus act as an early warning system to presage longer-term health problems experienced by the larger community 24, 25 . In addition to LBW and preterm birth outcomes, we were interested in the potential for acts of terrorism to influence infant mortality, effects which would be expected to unfold more slowly over time. For decades, the infant mortality rate (IMR) has been used as a proxy for population health around the world 24, [26] [27] [28] . Given its frequent use in cross-national comparisons of quality of life, the infant mortality rate could be fundamentally important as an indicator of fleeting or enduring changes in population health.
The analysis of routinely collected public health data is especially promising with regard to its ability to show different patterns or trajectories of change over time. What patterns might be expected for maternal-child health? Norris, Tracy, and Galea 29 used longitudinal data from the WTC attacks in New York and a natural disaster in Mexico to discover the most common patterns of psychological symptoms in individuals who experienced these disasters. Trajectories of resistance (no or little distress at any time point), resilience (initial distress followed by rapid decline), recovery (initial distress followed by slower decline), and ongoing dysfunction (initial distress followed by no decline) were all prevalent within both samples. In New York, a delayed dysfunction trajectory (no initial distress followed by later distress) was also evident. Building on this literature, we analyzed population-level health indicators to see if we could interpret these data in relation to the trajectory model of Norris and colleagues.
More specifically, referencing the connection between stress and the poor birth outcomes of low birth weight and preterm birth 16, [18] [19] [20] [21] [22] , we predicted that "resilience" would best characterize the population-level trend in preterm or LBW births, which reflects the influence of acute stressors associated with the attack. That is, we expected to see an immediate increase in the incidence of these outcomes after terrorist attacks, followed by a fairly rapid recovery to the baseline pre-event trend. However, we predicted that "delayed dysfunction" would best characterize the trend for infant mortality, which ensues from its major predictors, low birth weight and preterm birth as well as the more insidious changes in the quality of the environment (ongoing toxicity, threat).
To give some perspective to the expectations for change in the IMR, one needs to consider it in the global context. When looking at the ranking of countries for IMR (lowest to highest in a list of 222 countries), we examined the standings for the two countries included in our study. First, the United States ranks 47th worldwide with an IMR at 6.6 30 . Second, Spain ranks 11th with an IMR of 3.4. Among the global listings, those countries that rank among the best have rates lower than 3.0, suggesting that in our study countries, there is room for improvement or harm. . Thus, we chose two events for study that had significant local, regional, national, and international significance and would be most likely to show an impact at the population level. 33 . Quarterly incident birth-outcome data for the NYC area, consisting of Bronx, Kings, New York, Queens, and Richmond counties, were obtained from the New York City Department of Health and Mental Hygiene for 1990 through 2008 resulting in data for 76 quarters, 47 before the event and 29 after the event. We chose to study the metropolitan area as opposed to limiting it to Manhattan because there were studies on post-attacks birth outcomes that included the entire city and showed significant changes in outcomes 34 . Data were standardized as rates to control for population size differences. Three birth-outcome indicators, defined by the National Association for Public Health Statistics and Information Systems (www.naphsis.org), were used in the analyses. Low birth weight rate was defined as the percentage of live infant births weighing less than 2,500 g at birth. Preterm birth rate was defined as the percentage of infants born at less than 37 weeks gestation. Infant mortality rate was defined as the number of infant deaths in the first year of life per 1,000 live births. By definition, all rates are given for a geographic area.
METHODS

Data
Our second event for study was the 2004 train bombings in Madrid, Spain. In Madrid, there were 69,029 live births in 2004 and 69,364 live births in 2005 resulting in birth rates of 12.0 and 11.8, respectively (www.ine.es). Quarterly birth outcome data for rates of LBW births, preterm births, and infant mortality were obtained from the Instituto Nacional de Estadistica in Madrid, Spain for the city of Madrid from 1990 through 2009. For this analysis we had data for a total of 80 quarters, 57 before the event and 23 after the event.
Comparable data on birth outcomes were obtained for the remainder of New York state from the New York State Department of Health, and for the remainder of Spain from the Instituto Nacional de Estadistica, which served as comparison groups for New York City and Madrid, respectively. We chose these comparison groups because health care funding and policies influencing maternal-child health care practices would be similar within a state rather than across states in the US, and within a country rather than across countries for Spain.
Because of the potential for demographic changes in NYC after the WTC bombings and the effect that might have on the birth outcomes, we examined migration flows for New York City for 1985 through 2007 with data purchased from the Internal Revenue Service. Limitations of these data included the less-than-100 % representation of all filers and the under-or non-representation of specific non-filing populations such as the elderly and the poor. Similar data for Madrid were not found; however, yearly population data were obtained for the city of Madrid for 1996 through 2010 to assess for an overall change in population between the pre-event and post-event periods.
Interrupted Time Series Analysis
We used interrupted time series analyses to analyze autoregressive integrated moving average (ARIMA) models of a time series variable with an independent variable representing the event to determine the impact of the terrorist attacks on the maternal-child population in the cities of interest. We first plotted the rates of each birth outcome over time to identify trends, seasonality, and other features that might be considered in the modeling process, such as extreme outliers. We then modeled the quarterly rates for each birth outcome indicator over time using standard ARIMA modeling with IBM SPSS statistical package version 19 35 . ARIMA modeling is a single series method used with time series data to eliminate the correlations of residuals that violate the independence assumption in statistical analysis 36 . The strongest predictor in a time series is previous time observations and ARIMA modeling summarizes the relationship between the dependent variable-in this case, the three birth outcomes at each of the geographical sites-and time. A unique model was estimated for each dependent variable using differencing, autoregression, and/or moving averages to remove time-related patterning and find a statistically valid and parsimonious model.
ARIMA models are formatted to control three types of noise: (a) trend, which represents any systematic change in the level of a time series, (b) seasonality, which represents a variation in pattern that occurs repeatedly and yearly, and (c) random error, which represents the fluctuations that occur about some mean level, even when controlling the other noise types 36 . The model has three parameters (p, d, q) that describe the relationships between random shocks and the time series. The parameter p indicates an autoregressive relationship in which a past observation predicts the current observation, the parameter d indicates differencing in the model, and the parameter q indicates the number of moving average components in the model. When a time series has seasonality or yearly recurring changes, the model may also contain the additional parameters of P, D, and Q to specifically control the seasonal noise. Thus, ARIMA models are depicted as (p, d, q) (P, D, Q).
The first step in modeling is to identify the model. In this step, stationarity, in which the correlation of values one time period apart is the same no matter where in the series it occurs, is determined. If non-stationarity (series trend or drift) is present, differencing is applied with the d parameter 37 . Next, serial dependency is determined which occurs as lags in the autocorrelation function (ACF) that are abrupt or appear as spikes. To correct this, a weighted parameter (q) is applied as a moving average so that successive lags are reduced to zero. This is constrained by the bounds of invertibility which means the parameter must lie between −1 and 1. Finally, a decaying process in the ACF which occurs exponentially from lag to lag is corrected by the autoregressive parameter (p). This parameter is also constrained to lie between −1 and 1 by the bounds of stationarity. Thus, the parameter is weighted so that the shock is diminished over time.
The second step is to fit the best model to the data considering the principle of parsimony along with statistical sufficiency when selecting the model. In estimating the model, parameters must meet the bounds of stationarity/invertibility and be statistically significant. Finally, diagnostics are applied to assess the quality of the model chosen in relation to the data. In this step, the Q statistic, distributed as a χ 2 with degrees of freedom determined by both the ACF and the autoregressive (p) and/ or moving average (q) parameters, acts as a goodness-of-fit statistic so that a nonsignificant statistic indicates a good fit of the model.
To determine the best fitting model or the "noise" model minus any trend or seasonal systematic variations, we initially used the automatic model-generating function of the SPSS program and then clarified and refined the models through the iterative examination of possible variations using a review and comparison of fit values, parameter estimates, and plots of autocorrelation functions and partial autocorrelation functions. This process was conducted for each birth outcome rate (LBW, preterm birth, and IMR) for each of the two impacted sites (NYC and Madrid). The process was repeated with the New York state and the Spain birth outcomes data. Each birth outcome at a site had its own unique model. For a more detailed description of time series modeling, see McDowall et al. 36 , Cryer and Chan 37 , or Kitagawa 38 . Next, we defined dummy independent variables for each event that would estimate the impact of the event on the birth-outcome-dependent variables. Overall, a change in a trend may be either abrupt or gradual in onset and either permanent or temporary in duration 36 . On the one hand, we proposed that the onset of change for LBW and preterm birth would be abrupt, or immediate, affecting women who were pregnant at the time of the attacks. Therefore, the post-event period started with the first quarter after the event and the length or the impact was short-lived, lasting perhaps only one quarter or no longer than 2 or 3 years. On the other hand, we proposed that if there was an effect, the onset of change in the IMR would be abrupt but delayed, given the definition of IMR as infant death in the first year of life; this delay was reflected in the specific dummy variables used to test IMR. The duration of this impact could also be short-lived for one quarter or 1 year or could be longer lasting. Thus, the dummy variables used with the IMR models had on onset that was delayed by 1 year after the event and tested either a short or a sustained duration of impact.
The design of our independent dummy variables allowed us to test for different periods of impact. First, we predicted that the outcomes of LBW and preterm birth rates would have an abrupt, temporary impact or rise in rates. We first tested the "pulse" or point impact of the event lasting for one quarter only. In this case, the WTC attack dummy variable was designed so that '0' was assigned to all 47 preevent points and to the post-event points that were excluded from the impact period. A '1' was assigned only to the first post-event point; thus, the point of impact occurs only during the first quarter following the event. We then tested for an abrupt permanent impact or a level change. This dummy variable would have '0' assigned to all 47 pre-event time points and '1' assigned to all 29 post-event time points. If results indicated that there was an abrupt temporary impact rather than an abrupt permanent impact, longer-duration temporary impacts would be tested by prolonging the impact period to 1 year after the event, 2 years after the event, and so on. In these cases, '0' was assigned to all 47 pre-event points and to the post-event points that were excluded from the impact period. A '1' was assigned to all of the points that defined the period of impact. For example, to define an abrupt 1 year impact, the dummy variable had '0' assigned to all points up through quarter three 2001, '1' to the points from quarter four 2001 through quarter three 2002, and then '0' to all points from quarter four 2002 on.
As noted previously, we predicted that if there was an effect, the impact of the event on IMR would be delayed by a year because of the definition of IMR and that the impact could be either short or long lasting. As with the analyses described for the LBW and preterm birth rates, we started testing the shortest period of impact, the "pulse" impact. In this case, '0' was assigned to all 51 pre-event periods up to quarter three 2002 to account for the delay, '1' was assigned to only the next quarter in the sequence, quarter four 2002, and then '0' was assigned to all remaining postevent time points. Next, we tested for an abrupt permanent impact or level change. This dummy variable was assigned '0' for all 51 pre-event time points and '1' for all 25 post-event time points. If results indicated that there was an abrupt temporary impact rather than an abrupt permanent impact, longer-duration temporary impacts were tested by prolonging the impact period to 1 year after the event, 2 years after the event, and so on.
We then designed similar dummy independent variables for Madrid to first indicate an abrupt temporary impact-that is, a dummy variable to measure the "pulse" impact. Next, we designed the variable for an abrupt permanent or level change where '0' was assigned to all pre-event time points and '1' to all post-event time points. We would test for longer periods of temporary change (1 year, 2 years, and so on) if the initial impact assessments indicated there was an abrupt temporary impact and not an abrupt permanent impact. As with the NYC variables, the dummy variables for Madrid were different depending on whether we were testing an abrupt impact on LBW or preterm birth rates (impact at the event) or an abrupt impact on IMR (impact delayed by 1 year).
For birth outcome data to be interpretable, the population should be stable. Using ARIMA to model migration in NYC from 1985 through 2007, we found no significant impact of 9/11 on migration patterns. We did the same type of analyses with yearly birth rates for NYC women from 1969 through 2009 and found no significant impact from 9/11. Finally, we tested the yearly time series of population rates in Madrid 1996-2010 to determine population change in the city pre-and post-event and found no change, although the number of time points in the series was small. Figure 1a shows the three time series patterns of birth outcomes in NYC with the vertical line indicating the 2001 WTC attacks. Because we were using quarterly data, we have a seasonal component to the patterns. Seasonal decomposition was used to smooth the lines, creating trend lines for the series which are included with the actual rate lines. Upon examining the time series and trend lines, preterm births appear to be stationary until quarter three 2003 when there is a small rise in rates. LBW rates have a shallow downward trend in the early 1990s and then seem to level off. IMR has a distinct downward trend that appears to level off after 2001. Even with visible changes, however, conclusions cannot be drawn because changes could be part of the normal variation in the series. ARIMA modeling takes this into account by removing variations with the unique filters of differencing, moving averages, and/or autoregression with each dependent variable. Figure 1b shows the three time series patterns and trend lines of birth outcomes in the remainder of New York state, the comparison group. Figure 2 shows the three time series patterns and trend lines of birth outcomes in Madrid with the vertical line indicating the 2004 train bombings. Preterm birth and LBW rates have an increasing trend prior to the bombings, appear to have a steeper increase after the bombings followed by decreases in both rates. They also appear to have outlier rates early in the time series. IMR has a downward trend that varies in steepness over time. Figure 2b shows the three time series patterns and trend lines of birth outcomes in the remainder of Spain.
RESULTS
New York City and Madrid
We first estimated the univariate ARIMA models for each birth outcome in NYC and Madrid to determine the best parameters for each time series. Table 1 reports the final univariate models for the birth outcomes time series. The seasonal models vary in complexity and fit. According to McDowall and colleagues 36 , social science time series have parameters that rarely exceed one and this is the case with our study models. However, despite the fact that we have seasonal patterns, the NYC LBW model lacks seasonal parameters. Furthermore, the models for Madrid LBW and preterm birth are controlled to account for extreme outliers. All models have a Q statistic (goodness-of-fit) that is not significant, indicating that the model residuals are not different from white noise, resulting in an acceptable fit of the model. Stationary R 2 values indicate overall variation explained in the model and these values vary widely (0.08 to 0.72).
Using the univariate ARIMA models for NYC (Table 1) , we introduced the 9/11 dummy variables to determine if the event had a significant impact on the birth outcome. We used a 1-year delayed dummy variable for IMR. Table 2 reports the results for a "pulse" impact lasting only one quarter or a level change impact sustained through the end of the time series post-event period. Only IMR was significantly impacted by the WTC bombings time period with a level change effect of 0.967 (pG0.01), indicating an abrupt permanent positive change in the rate 1 year after the bombing event date. The IMR ARIMA model was also tested for an abrupt temporary change with the "pulse" or one quarter impact independent variable (delayed by 1 year). This change was not significant (ω=0.118, p=0.820). However, when a first-order "decay" term (δ), indicating a delay in recovery, was introduced, we obtained an effect of ω=0.969 (p=0.003) and a decay of δ=0.998 (pG0.001). According to McDowall and colleagues 36 , when δ is close to 1, the decay is minimal and the effect remains constant through the post-event period. This provides further support for an abrupt, permanent change in IMR. The model is: y 1 =δy t−1 +ωP i . At the pulse point of impact, t=I and P i =1 so that y 1 =ω. At the next post-event point, y t+1 =δω. At successive points, y t+n =δ n ω. Thus, in our case, with δ=0.998, the impact of ω=0.969 is sustained through the entire post-event period.
Similar impact assessments were conducted with the univariate ARIMA models for Madrid data using the 2004 train bombings dummy variables. The LBW outcome was significantly impacted following the date of the bombings with both a pulse and a level change of 1.247 (pG0.001; Table 2 ). In order to explain this finding, we tested the effect with the dummy variables representing individual impacts of 1 year through 5 years. We controlled for significant outliers in all analyses. Positive significant impacts were found for a 1-year period (ω=0.848, pG 0.001) and for a 2-year period (ω=0.575, pG0.01) post-event. A non-significant impact was found for a 3-year period (ω =0.309, p=0.097) followed by a significant positive impact for a 4-year period (ω=0.875, pG0.001) and finally a non-significant impact for a 5-year period (ω=0.387, p=0.092). We interpreted these findings to mean that there was a bimodal pattern to the significantly elevated LBW rates following the date of the 2004 train bombings. A short-term effect was noted for 2 years post-event, with a diminished impact at 3 years, a resurge for 4 years and finally a drop at 5 years impact. Thus, using the dummy variables for specific periods of time allowed us to determine the pattern of change over the post-event period much better than using only the pulse and level effect event variables.
When we tested the univariate ARIMA model for Madrid preterm birth rates with the dummy pulse independent variable, we found that the model did not fit (Q=27.5, df=15, p=0.025). An alternative approach was to model the pre-event data only and then use that model to test the intervention with the entire series data. Using this strategy resulted in the ARIMA model (1,1,0) (1,0,1) which fit the entire series (Q=15.7, df=15, p=0.405) and detected a significant, positive pulse effect after the date of the bombings on preterm births (ω=1.324, pG0.01). We continued to control for significant outliers in these analyses. We found no permanent effect postbombings on preterm births (ω=0.198, p=0.390). We then used the dummy variables for periods from 1 through 5 years and found a significant positive impact for a 1-year period (ω=0.651, pG0.05), a 2-year period (ω=0.972, pG0.01), a 3-year period (ω= 0.739, pG0.05), and a 4-year period (ω=0.843, pG0.05). The 5-year period was not significant. Thus, the increase in preterm birth rates following the date of the event was abrupt and temporary, but sustained for a longer period of time than was seen with the LBW rates. There was no effect on the IMR post-bombings (pulse effect= 0.585, p=0.587, level effect=0.162, p=0.488).
In summary, we were able to detect a positive significant impact on IMR in NYC in the period following the WTC attacks and a similar impact on LBW and preterm births in Madrid in the period following the train bombings. There was an increase in the level or trend of IMR by nearly one death per 1,000 live births following the WTC attacks in NYC, or approximately 120 additional infant deaths. Similarly, there was a temporary increase of 1.2 % in the LBW rate trend (approximately 832 births), and a 1.3 % temporary increase in the preterm birth rates (approximately 901 births) in Madrid following the train bombings.
Finally, Figures 3 and 4 depict the time series for NYC IMR and Madrid LBW. These series use pre-event data to predict post-event rates. The forecasted rates (blue line) are graphed along with the actually occurring rates (red line) to indicate that "forecasted" rates differ from the "observed". As with previous analyses, the 1-year delay is used for the IMR. Although the stability of predictions diminishes with successive time points, there is a clear deviation between the two post-event lines in Figure 3 , with observed IMR rates higher than what would be predicted, had 9/11 not occurred. The broken blue lines represent the upper and lower confidence interval rates for the forecasted rates. For each series, the actual rates exceed or match the upper confidence interval in the quarters immediately following the event date when the prediction is most stable. Similar differences are apparent in Figure 4 with the Madrid LBW data. These graphs provide support for the findings that the rates are significantly higher following the events, at least in the early periods following the events. Additionally, correlations for the preevent observed and predicted values were 0.94 (pG0.001) for NYC IMR and 0.96 (pG0.001) for Madrid LBW. The post-event correlations of observed and predicted values dropped to 68 (pG0.001) and 0.60 (pG0.001), respectively
Comparison Groups
The comparison group for NYC was the remainder of New York state. After fitting univariate ARIMA models, pulse and level effect dummy variables were tested to determine the impact of the WTC bombings on all three birth outcomes. LBW rates (ω = 0.121, p = 0.487), preterm birth rates (ω = 0.193, p = 0.608), and IMR (ω = −0.426, p =0.550 pulse effect, ω = −0.512, p = 0.255 level effect) did not significantly differ in the pre-and post-WTC attack periods. Similar non-significant results were found for the Spain comparison group (LBW: ω = −0.1, p = 0.262; preterm birth: ω = 0.162, p =0.488; IMR: ω =0.020, p = 0.947). Thus, the significant increases seen in the rates in NYC and Madrid were unique to those regions and were not part of a broader trend in the state of NY and the country of Madrid.
DISCUSSION
For two of the most significant terrorist attacks in the US and Europe in recent history, we used population data to test whether terrorism affects population health, and specifically studied the vulnerable population of pregnant women and newborns. Using the post-WTC studies with this population as our guide 23, [39] [40] [41] , we predicted that the population of pregnant women who lived in the target cities would experience stress-related reactions that would negatively impact their birth outcomes; that is, that LBW and preterm births would increase. As depicted in Table 2 , we did not have comparable results across our two events, thus challenging us to interpret these results. Acts of terrorism specifically target "noncombatants" or ordinary citizens and are intended to create fear and a heightened sense of anxiety that extend beyond the target group and the time of the attack 42 . Thus, we thought it would be likely that increases in LBW and preterm births might be sustained because of this heightened level of anxiety felt by pregnant women even after the event happened. Indeed, we found this to be the case in Madrid, as LBW and preterm birth rates significantly increased by approximately one birth in 100 in Madrid women with a gradual decrease to pre-event levels after 3 and 4 years, respectively. In fact, the length of the temporary increase was longer than we anticipated. Stress experienced at any point during the pregnancy can put women at risk for a LBW or preterm birth [16] [17] [18] [19] . Thus, feelings of fear and anxiety about the uncertainty of recurring terrorist attacks may have affected women in Madrid who became pregnant during a finite period after the attacks. On the other hand, the prospect of sustained fear and anxiety coupled with secondary effects following the attack may help to explain the increase in IMR in NYC, a result that is different from that found in Madrid. One important point here is that the two primary predictors of early infant mortality, LBW and preterm birth 43 , were not elevated in the NYC population after the attacks but were elevated in studies of individual women who were pregnant on 9/11 and were exposed to the attack 23, [39] [40] [41] 44 . Given our NYC findings, we need to explore potential long-term direct and indirect effects that could contribute to a population increase in IMR. First, environmental toxins were in the air in the lower Manhattan area following the bombings 44 . According to a report released in 2003 by the Environmental Protection Agency (EPA), the public was misinformed about the level and severity of emissions, the level of asbestos in the dust cloud, and the proper management of indoor contamination in lower Manhattan 45 . That is, emissions were more severe, toxic, and long lasting than reported, and proper clean-up instructions for ash and dust found in living and business areas were not communicated to the public. Above-threshold levels of asbestos were found in ambient air samples for several months post-attacks and contaminated dust that settled inside and outside buildings included a harmful combination of building pulverized debris containing glass, fibers, lead, polycyclic aromatic hydrocarbons, polychlorinated biphenyls, polychlorinated furans, and dioxins 44, 46 . Therefore, NYC residents were most likely exposed during the first several months after the WTC collapse to contaminants in ambient air as well as to indoor dust in the clean-up process. Furthermore, because indoor cleaning was inadequate, it is possible that contaminated particles have remained indefinitely in many of the commercial and residential buildings. Although connections between normal air pollutants and infant mortality have been made in population studies done in the US 47, 48 , Mexico City 49 , and Western Europe 50 , the EPA in its report has concluded that the full extent of exposure to early ambient air and ongoing indoor contamination from the WTC collapse is unknown.
What other mechanisms may have been associated with a population increase of one infant death per 1,000 live births over what would have been expected if 9/11 had not occurred? Another consideration might be a drop in the level or quality of services offered to pregnant women because of reallocation of resources from public health to security resulting in a higher rate of late or no prenatal care 51 . This time series variable was tested with ARIMA modeling and the 9/11 independent variable, and no change was found in the rates of women who received late or no prenatal care (ω=−0.114, p=0.770) from the pre-event period to the post-event period. However, there are several socioeconomic indicators associated with infant mortality including socioeconomic class 52 , educational attainment 53 , poverty 54 , and race/ethnicity 55, 56 . Therefore, a unique combination of environmental, health, and socioeconomic factors that impact IMR may have been influenced by the WTC attacks to result in a sustained increase in IMR.
If this argument is valid, why was there not a similar effect in Madrid? Possibly, a similar change in IMR was not observed there because of Spain's previous experiences with terrorist attacks, although past attacks were certainly less severe than the 2004 train bombings. The Global Terrorism Database (GTD) documents 898 attacks in Spain (90 in Madrid) between 1990 and 2007, with a decreasing trend in event frequency over this interval 57 . In contrast, the GTD shows an oscillating trend for the 450 events in the United States (31 in NYC) over this same period. The only previous US event with a significant death toll was the bombing of the Murrah Federal Building in Oklahoma City in 1995. Thus, although both events were serious, the NYC attacks may have resulted in a more fundamental change in the population's quality of life than did the Madrid attacks.
Although studies have documented post 9/11 birth outcome changes in women beyond NYC 58, 59 , the population in the remainder of New York state and the remainder of Spain in our comparison groups did not experience significant birth outcome changes following the terrorist attacks. We cannot conclusively demonstrate a causal relationship between the NYC WTC attacks and the post-attacks increase in infant deaths. Nor can we conclusively demonstrate a causal relationship between the Madrid train bombings and the post-bombings increase in LBW and preterm births. However, the lack of similar relationships in the broader regional areas of the remainder of New York state and Spain rule out many alternative explanations for the observed changes.
There may be limitations to this study related to the use of interrupted time series analyses. The first potential problem concerns the selection of the comparison areas for NYC and Madrid. We felt that including comparison areas to rule out some historical or unrelated effects in the exposed group was a strength. Ideally, we hypothesized that an impact will be noted in the exposed group while no effect or an opposite effect occurs in the comparison group, which was the case in our study. We may conclude that the comparison groups responded as predicted.
The second potential problem is that to ensure internal validity, the exposed and comparison groups should be similar, ideally at one point in time and across time points 60 . As we noted earlier, we chose the comparison groups based on a belief that similarities would exist in health care policies and entitlements for NYC and New York state, as well as for Madrid and the remainder of Spain. Nevertheless, differences in the event and comparison groups may exist due to the level of urbanization and accompanying social and economic diversities. However, in a time series analysis, each group also serves as its own control because the post-event trend is tested against the pre-event trend for the same geographic area.
A third potential problem is that the length of the time series was based on the availability of data rather than on sophisticated sampling methods. In this type of analysis, results may vary based on the length of the time series. Although we began the time series in each country at 1990 in order to standardize the start point of the series, replicating the analyses after significantly more time has passed would be advisable to see if the results that we found persist.
Our study results can be used to inform health and public policy related to terrorist events. First, we did find negative outcomes for vulnerable groups in the aftermath of terrorism. In Madrid, these effects occurred early and lasted for years before resolving. To address this problem, mental health interventions designed to reduce stress responses should be implemented early and sustained, especially for vulnerable groups. Furthermore, integrating these interventions into existing community services, in this case prenatal clinics, rather than associating them with specific event-related services may help to reach those in the population who are affected but are not seeking event-specific services.
In the case of 9/11, problems related to risk information and communication about environmental toxins did not become apparent until 2 years after the event. The public health repercussions of this failure are unknown but may become apparent as health trends are examined over time. Although we cannot tie our results directly to exposure to toxins after the WTC collapse, more work is needed to study this effect on the health of NYC residents, and especially in vulnerable populations. Nevertheless, it is imperative that all agencies involved in communicating risk and its management after a disaster establish clear strategies for addressing coordination and dissemination of appropriate information to the public.
Future research could fruitfully expand on the findings of our study. It would be useful to know, for example, whether other major disasters, such as Hurricane Katrina, the 2011 Japanese earthquake/tsunami, or the Joplin Missouri tornado, among others, had similar effects. Furthermore, given that infant mortality rates vary by race and socioeconomic position, one might also investigate whether there were significant differences in subgroups of popula-tions. Finally, research could investigate whether events such as these affect other aspects of public health, by examining other indicators.
